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Abstract 
We propose a passive indirect light collector system for interior lighting with the use of diffuse reflectors. This 
system is based on the idea that diffuse reflectors may increase the acceptance angle of passive systems therefor 
improving the overall effectiveness and also achieving a better response to light directionality in certain hours of the 
day. We search the most efficient way to collect optical power by scaling the collection area with a multi-level 
configuration. We also analyse the light collection on buildings facades through the simulation of the 
behaviour of the system under cloudy day conditions showing these systems as a feasible and economic 
option for indirect and direct light collection for interior lighting, allowing a less invasive way to conduct 
light to interiors with acceptable efficiency and avoiding the use of heliostats or expensive coating 
materials.  
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1. Introduction 
The capacity of light collecting systems to introduce natural light to enclosed areas is limited by certain 
factors such as light availability, local climate factors as well as the system efficiency. Our research 
studied the effect of non-specular reflection of light by diffuse surfaces to extend anidolic (non-imaging) 
passive systems to improve its effective working time and increase its acceptance angle producing a more 
homogeneous response to light coming from different angles along a day. 
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The amount of light captured by anidolic systems depends on the total collecting area, meaning that the 
amount of light introduced to a precinct is directly proportional to the total collection area [1]. Due to the 
fact that these systems are designed to be installed on buildings facades, the area cannot be of unlimited 
dimensions. So it was thought that it was possible to increase the effective area by dividing the system in 
various vertical segments and adding up collected light per each segment.   
 
Recently proposed studies have reported results of light collection systems which have a good 
performance of direct light collection, such as cylindrical collector systems. However the reported 
acceptance cone (around 27°) reduces the capacity of collection of diffuse light [2]. Other studies report 
overall efficiencies between 12% [3] and 32% [4] equally passive systems, however they make use of 
optical lenses or require high-cost reflective material such as optical grade aluminium and in all of the 
cases commented before, the systems are highly invasive and require planning before constructing a 
building. 
                                
In this paper we propose a prototype collector formed, in the basic case, of a diffuse rear reflector (RDR) 
and a primary diffuse reflector (PDR). Light captured by this system will be collected in a light collection 
area (LCA) located in the center of the PDR. More complex systems consist of secondary diffuse 
reflectors (SDR) positioned at different distances (d) to the PDR and tilt angles (θ) with respect to the 
PDR as shown in Figure 1. Also proposed in this work we analyze the possibility of the system scaling by 
adding more than one LCA in different distances with respect to the RDR (LDR). 
 
 
Fig. 1. Virtual model of the proposed system imported to Zemax. 
We present in this paper the result of simulations performed in the ray tracing program Zemax showing 
the collected light efficiency of various proposed system configurations and modified systems (adding 
different LCAs and different LDR distances). Based on the efficiency graphs, we designed a scale 
prototype, and we tested it under real natural lighting on the exterior of our CCADETs laboratory and 
compared its behaviour with a reference system and discussed the results. 
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2. Numerical Simulation  
Simulations described below were intended to analyse the efficiency of various configurations of the 
proposed system. To do so we compared the amount optical power of incident light rays in the RDR with 
the light captured by the system with various configurations. 
 
We tested initially the basic configurations (modifying θ and d in the model showed in Fig1) and 
subsequently the scalability of the system in which we added several LCAs according to the number of 
RDSs in the system. Due to the fact that the proposed system is still a prototype and, also for simplicity, 
in the efficiency simulations we only used five points of lighting simultaneously lit, based on the 
construction of a virtual sky dome [5]. Based on the CIE (International Commission on Illumination, by 
its French acronym) standards, we used the light distribution for overcast sky [6], to illuminate the 
prototype with light coming from different directions. 
 
These light source spots were placed in all cases at a distance of 3 m with respect to the PDR, with a 
different angular position in each case, as shown in Figure 2. F1 corresponds to the configuration where 
the source is at an angle α = 90° to the PDR, F2 corresponds to the source at an angle α = 45° with respect 
to the PDR, F3 corresponds to the source at an angle α = 0° with respect to the PDR, F4 corresponds to 
the source at an angle β = 45° with respect to the PDR and F5 corresponds to the source at an angle β = 
90° with respect to the PDR.  
 
 
Fig. 2. Schematic representation of the light spots used for simulations. 
Lighting source spots power was of 200Watts and an area of 1m2 with non-collimated and homogeneous 
distribution of light rays for all simulations. We used computer Zemax software in its non-sequential 
mode to calculate the efficiency of the proposed systems. We calculated the efficiency by comparing the 
optical power measured by the incident rays in the RDR against light measured in the LCAs of the system 
in different configurations. We tested a wide range of configurations modifying angle θ from 0° to 50° 
with a 10° steps, and different distance d from 0cm to 12cm with a 3 cm step. The configuration that 
showed the best response was the one where θ=40° and d=0cm with an efficiency of 6.84%.  
 
Following simulations consisted of the system that showed better efficiency described before but we also 
added three SDR; SDR1 was placed at d=0 cm and θ=40°; SDR2 was placed at d=20 cm and θ=40°; 
SDR3 at d=40cm and θ=40° as shown in Fig.3. 
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Fig. 3. Graphic representation of escalated system, showing the distribution of the added elements. 
As mentioned before we also simulated the position of the LCA in 3 LDR distances; 0m, 0.05m and 0.1m 
to the RDR. The Table 2 shows the result of simulating the response of the system to modification of 
LDR distances. 
 
Table 2. Efficiency of escalated system with different LDR distances 
LDR Distance 
(cm) 
Efficiency  
(%) 
10 16.47 
5 19.13 
0 28.94 
 
Simulations showed that efficiency improved when LCAs were nearest to the RDS. The system coupled 
efficiency with 2 extra collection areas reaches up to 28.9% thus having 76% of improvement of the 
system proposed initially. 
 
When we examined the detectors placed on each of the LCAs of the escalated system, each detector had 
similar amount of total power collected; LCA1 captured 18.99mW, LCA2 captured 26.4mW and LCA3 
captured 26.97mW as shown in Fig. 4. 
 
 
 
Fig. 4. Detector viewer for each of the LCAs of escalated system. 
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We can assume that it is possible to add N number of SDR and each will sum up to the total light power 
collected by the entire system with a homogenous response.   
3. Prototype design 
The simulations described in the previous section allowed us to design a prototype for indirect light 
collection formed by a RDR, a PDR and a SDR located at a distance d of 0cm from the RDR and an θ 
angle of 40° being the configuration shown in the simulations to have the best efficiency. The light 
reflections obtained from the system mentioned above is collected in the LCA located in the centre of the 
RDP where an integrating sphere was placed to measure the optical power. 
Fig. 5 shows a 3D model system representation with dimensions of  a of 0.27m, l of 0.1m,  installed in an 
acrylic tube of dimensions A of  0.35m and D of 0.15m (for simplicity the optical effect caused by the 
acrylic tube was not taken into account in the experimental tests).  
 
Fig. 5. 3D model of the basic indirect light collector designed in a CAD based software, showing proportions and positions of each 
part of the system. 
One of the settings that showed significantly increase in the light collection efficiency simulations was to 
add a second and third SDR plus ad well as LCAs and also placing the LCA near the RDR. The design of 
this prototype impeded the measurement of the effect of scaling the system due to the size of the used 
integrating spheres. A way to solve this problem is discussed in the next section for future work. 
The prototype described previously, was made with pieces of cardboard painted with a white Vinimex 
Comex 700 paint mixed with barium sulphate, resembling Spectralon [7]. 
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4. Experimental results   
A prototype with the specifications described before was installed in the north-oriented facade of 
CCADET-UNAM laboratory whose coordinates are 19 ° 99 'N, 99 ° 11' W. The measurements were 
carried out by measuring the optical power recovered by the system during a six-hour period, in an 
overcast condition day. Fig. 6A shows the experimental setting of the system, which was placed in a 
0.65m long by 0.15m wide wood piece outside of the north-oriented laboratory facade. Fig. 6B shows the 
experimental setting in its basic configuration. 
 
Fig. 6. Experimental setting of the system: A) RDR-PDR-SDR placed on the laboratory window; B) basic system configuration in 
controlled illumination testing.  
The system configuration used was the one that proved to be the most efficient (when angle θ is 40° and 
distance d is 0cm for the SDR1). Due to the nature of natural light, it was necessary to have a parallel 
measurement as a reference for further analysis. This reference was a common mirror of the same area as 
the RDR placed in the same way as the diffuse reflective system.   
Fig. 6 shows the system response to a six-hour period of measurement (11am to 5pm) on a cloudy day 
compared to the reference. 
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Fig. 7. System response to natural light in an overcast day conditions on the 29th of May 2013. 
As it can be observed the system was superior at all times with an average response of over 70% more 
light captured by the reference, with peaks reaching 90% above the reference and at times only 9% above 
the reference.  
Future study of this system will include re-directing the collected light at several LCAs with the use of 
optical fiber bundles, which has shown to have a good transmitting efficiency. In this way it will also be 
possible to measure the overall system efficiency as well of each independent element. This will permit a 
complete analysis of the amount of natural light collected and redistributed to a building’s interior. 
Conclusions  
The proposed system result in a feasible solution for a passive low-cost indirect light collector, since it 
has shown an acceptable improvement in the collection of light compared to the basic prototypes, 
achieving up to 28.94% of light collection efficiency with the possibility of further improvement.  
 
The use of the ray tracing program Zemax permitted an accurate measurement of different lighting effects 
of the elements used for this work and will also permit the study of different optic elements for future 
work such as optic fiber for collected light transport to the interior of a room and also the use of 
concentrator elements such as compound parabolic collectors. 
 
This system consists of pieces of cardboard covered with a mixture of cheap paint and barium sulphate 
achieving a high reflection coefficient, resulting in an easy-reproducible system. This system could also 
take up little space in existing buildings and take advantage of the available light in the facades of the 
buildings regardless of the orientation where it is installed. 
 
Another advantage of this type of system is that is minimally invasive in existing buildings and don’t 
require previous planning since the strategy to follow is to transport collected light with the use of optic 
fiber bundles.  
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According to the simulations, we achieved a scalable system based on the increase of collection area to 
meet the CIE standards regarding to the minimum light required for non-residential buildings as well as 
visual comfort [8]. 
These types of systems have a more homogeneous response regardless of incoming light direction. 
Therefore they can increase the effective working period throughout the day compared to other reported 
systems.  
Reflectors geometry is still to be modified to see if there is a possibility to improve efficiency by focusing 
collected light in the LCA with the use of parabolic reflectors.  
Future studies include the use of light concentrators, and optic fiber to measure efficiency per each 
element to prove experimentally the scalability of the system and also for collected light transport; this 
will also include the study of the contribution of the light collected to an interior room in terms of 
photometric parameters. 
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